Membrane permeabilization of phosphatidylcholine liposomes induced by cryopreservation and vitrification solutions.
Membranes are the primary site of freezing injury during cryopreservation or vitrification of cells. Addition of cryoprotective agents (CPAs) can reduce freezing damage, but can also disturb membrane integrity causing leakage of intracellular constituents. The aim of this study was to investigate lipid-CPA interactions in a liposome model system to obtain insights in mechanisms of cellular protection and toxicity during cryopreservation or vitrification processing. Various CPAs were studied including dimethyl sulfoxide (DMSO), glycerol (GLY), ethylene glycol (EG), dimethyl formamide (DMF), and propylene glycol (PG). Protection against leakage of phosphatidylcholine liposomes encapsulated with carboxyfluorescein (CF) was studied upon CPA addition as well as after freezing-and-thawing. Molecular interactions between CPAs and phospholipid acyl chains and headgroups as well as membrane phase behavior were studied using Fourier transform infrared spectroscopy. A clear difference was observed between the effects of DMSO on PC-liposomes compared to the other CPAs tested, both for measurements on CF-retention and membrane phase behavior. All CPAs were found to inhibit membrane leakiness during freezing. However, exposure to high CPA concentrations already caused leakage before freezing, increasing in the order DMSO, EG, DMF/PG, and GLY. With DMSO, liposomes were able to withstand up to 6M concentrations compared to only 1M for GLY. Cholesterol addition to PC-liposomes increased membrane stability towards leakiness. DMSO was found to dehydrate the phospholipid headgroups while raising the membrane phase transition temperature, whereas the other CPAs caused an increase in the hydration level of the lipid headgroups while decreasing the membrane phase transition temperature.